pH-dependent thermostabilization of Escherichia coli ribonuclease HI by histidine to alanine substitutions.
Thermal stabilities of mutant ribonuclease HI proteins from Escherichia coli, in which each of five histidine residues was replaced with alanine, were examined at various pHs. Increases in the Tm values were observed at pH 3.0 for four of the mutant proteins, in which each of the four histidine residues exposed to the solvent was mutated, as compared to the Tm of the wild-type protein. The thermostabilization of three of the mutant proteins was dependent on pH, and only observed at low pH. The thermostabilizing effects of the His-->Ala substitutions were cumulative. The temperature of the midpoint of the transition in the thermal unfolding curves, Tm, of the most stable mutant enzyme, in which His 62, His 83, His 124, and His 127 were replaced by Ala, was 5.5 degrees C higher than that of the wild-type enzyme at pH 3.0. The stability of the wild-type protein decreased as the pH was lowered below pH 4, a condition favoring the protonation of carboxyl groups, probably due to unfavorable electrostatic interactions introduced by the increase in positive charges on the protein. Since imidazole groups are positively charged at pH 3.0, it seems likely that thermal stabilization at pH 3.0 by a His-->Ala substitution would be the result of a reduction in such unfavorable electrostatic interactions. These results suggest that amino acid substitutions that cause a decrease in the number of positive charges on the surface of a protein can be used as a general strategy to enhance protein stability at pH values below pH 4.